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*Zh*IT ri 9rt T ° r ( f ] A A repreSent hydr ° 9en atom and A2 and A4 re P"*^ a styryl group in 
wl an 2 , y P ° T. m Z tB Substltuted and the «-P° sition or the P-position of the vinyl portion may be substituted 
w th an , alky, group, FH to R« represent hydrogen atom, a halogen atom, cyano group, nftro group, alJyl group or the 
hke Q represents n arylene group orthe lite and p represents 0, 1 or 2; and an organic electroluminescence device 
deSr an 0r98n 10 " 9ht emittinQ ' ayer dfep ° Sed between a pair of ele ^°des and the above anthracene 

rwJl? n ° Vel a " thracene derivalive exhibits a hi 9 h efflci ency of light emission and excellent heat resistance when the 
derivative is used as a material constituting an organic electroluminescence device. 
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Description 

TECHNICAL FIELD 



[0001] The present invention relates to a novel organic compound and an organic electroluminescence (electrolu- 
minescence will be referred to as EL, hereinafter) device using the organic compound. More particularly the present 
invention relates to an anthracene derivative used as a material constituting an organic EL device and an organic EL 
dev.cs which uses the anthracene derivative and exhibits a high efficiency of light emission and excellent heat resist- 
ance 



ance, 

BACKGROUND ART 



[0002] Electroluminescence devices which utilize light emission in the electric field show high self-distingulshability 
because of the self-emission and are excellent in impact resistance because they are completely solid devices There- 
fore organic EL devices are used in the field of the back light of thin film display devices and liquid crystal displays 
and the planar light source. 

[0003] EL devices practically used at present are EL devices of the dispersion type. Since EL devices of the dispersion 
type require an alternating voltage of several tens volts or higher and 1 0 kiloHerz or higher, driving circuits of the EL 
devices e re complicated. 

[0004] Therefore, organic EL devices which can be driven at a voltage of 10 volts or lower and can achieve light 
emtssion of a high degree are actively studied. For example, organic EL devices having a laminate structure of a 
transparent electrode / a hole injection layer / a light emitting layer / a back face electrode are proposed (Appl Phys 
Lett., Volume 5 1 , Pages 91 3 to 91 5 (1 987) and Japanese Patent Application Laid-Open No. Showa 63(1 988)-264629) ' 
In these organic EL devices, holes are efficiently injected into the light emitting layer through the hole injecting layer 
disposed ,n the organic EL devices. The light emitting layer used in the organic EL devices may be a single layer 
However, an excellent balance between the electron transporting property and the hole transporting property cannot 
be achievsd by the single layer structure. Improvement in the properties of the organic EL devices has been made bv 
using a multi-layer laminate structure. 

[0005] forming a laminate structure causes problems in that the process for producing the organic EL devices is 
complicated and the time required for the production increases and that restrictions such as the necessity for forming 
each layer into a sufficiently thin film arise. Moreover, in recent years, a lower driving voltage is required since infer 
mation instruments are required to have a decrease size and to be portable. Therefore, development of a light emitting 
material and a hole transporting material which contribute to a decrease in the weight and a decrease in the driving 
voltage has been conducted. It is known that anthracene can be used as the light emitting material. However, forming 
a uniform thin film of anthracene is not easy. Therefore, introduction of various substituents into anthracene has been 
attempted For example, condensed multi-ring aromatic hydrocarbons are proposed for the light emitting material of 
organic EL devices (Japanese Patent Application Laid-Open Nos. Heisei 4(1 992)-1 78488 Heisei 6(1994)-228544 
Heisei 6(1994)-228545, Heisei 6(1994)-228546, Heisei 6(1994)-228547, Heisei 6(1 994)-228548, Heisei 6(1994)- 
228549, Heisei 8(1996)-311442, Heisei 8(1 996)-1 2600, Heisei 8(1996)-1 2969 and Heisei 10(1998)-72579) 
[0006] However, organic EL devices using the above compounds have a problem in that the efficiency of light emis- 
sion and treat resistance are not sufficient. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been made under the above circumstances and has objects of providing a novel 
compound which exhibits a high efficiency of light emission and excellent heat resistance when the compound is used 
as a material constituting an organic EL device and an organic EL device using the compound. 
[0008] As the result of extensive studies by the present inventors to achieve the above objects, it was found that the 
objects car be achieved by anthracene derivatives having specific structures. The present invention has been com- 
pleted bas«>d on the knowledge. 

[0009] The present invention can be summarized as follows. 



[1] An anthracene derivative represented by general formula (I); 
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wherein X and Y each independently represent a substituted or unsubstituted Afunctional aromatic ring group 
having 6 to 30 carbon atoms or a substituted or unsubstituted Afunctional heterocyclic group having 4 to 30 carbon 
atoms; (1) A' to A* each independently represent a substituted or unsubstituted aryl group having 6 to 30 carbon 
atoms or a substituted or unsubstituted monovalent heterocyclic group having 4 to 30 carbon atoms or (2) A1 
represents hydrogen atom, A* represents a styryl group in which a phenyl portion may be substituted and an ex- 
position or a p-position of a vinyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms A3 
represents hydrogen atom and A" represents a styryl group in which a phenyl portion may be substituted and an 
o-position or a p-position of a vinyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms' 
t0 R each lnd ependently represent hydrogen atom, a halogen atom, cyano group, nitro group, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryloxy 
group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted arylthio group a substituted 
or ur substituted ammo group or a substituted or unsubstituted aryl group; adjacent groups represented by fli to 
ma y 1orm nn 9 s b y formin 9 bonds between each other; Q represents a substituted or unsubstituted cy- 
cloalkylene group having 5 to 30 carbon atoms, a substituted or unsubstituted arylene group having 6 to 30 carbon 
atoms or a substituted or unsubstituted divalent heterocyclic group having 4 to 30 carbon atoms; and p represents 
a number selected from 0, 1 and 2. 

[2] An anthracene derivative represented by general formula (II): 
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wherein (1 ) A 1 to A* each independently represent a substituted or unsubstituted aryl group having 6 to 30 carbon 
atoms or a substituted or unsubstituted monovalent heterocyclic group having 4 to 30 carbon atoms or (2) A^ 
represents hydrogen atom, A* represents a styryl group in which a phenyl portion may be substituted and an ex- 
position or a p-position of a vinyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms A3 
repres ents hydrogen atom and A* represents a styryl group in which a phenyl portion may be substituted and an 
a-position or a p-position of a vinyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms' 

t0 R each independently represent hydrogen atom, a halogen atom, cyano group, nitro group, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryloxy 
group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted arylthio group, a substituted 
or ^substituted amino group or a substituted or unsubstituted aryl group; adjacent groups represented by fli to 

mij y for rin 9 s b V forrmn 9 bonds between each other; Q represents a substituted or unsubstituted cycloalkylene 
group having 5 to 30 carbon atoms, a substituted or unsubstituted arylene group having 6 to 30 carbon atoms or 
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mSS^uSS^ diVal6nt heter ° CyCliC 9roUp havi "9 4 10 30 cart > on P presents a number 

[3] An anthracene derivative represented by general formula (II*): 



10 



15 



R 1 R a 



R? R 16 




(J J') 
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35 



%ZTS! V t 6 f lndep ! ndent| y re P resent a substituted or unsubstituted aryl group having 6 to 30 carbon 
atorrs or a substituted or unsubstituted monovalent heterocyclic group having 4 to 30 carbon atoms or (2) 
Zt^r « ° 9 t n a T' represents a 9~up in which a phenyl portion may be substituted and an «- 
pos,t,on or a p-po S ,t,on of a vmyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms A 3 
represents hydrogen atom and At represents a styryl group in which a phenyl portion may be substituted and an 
a-po.-srt,on or a 0-posrtion of a vinyl portion may be substituted with an alkyl group having 1 to 30 carbon atoms 

1 k w .tf.®" y reprSSent hydr0gen atom ' a hal °9 en atom ' °y ano 9 rou P. nitro group, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted arZy 
group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted arylthlo group a substituted 
or unsubstituted amino group or a substituted or unsubstituted aryl group; adjacent groups represented by fV to 
R" may for nngs by form.ng bonds between each other; Q represents a substituted or unsubstituted cycloalkylene 
group having 5 to 30 carbon atoms, a substituted or unsubstituted arylene group having 6 to 30 carbon atoms or 

se^lTl^oT^ 66 diValem h9ter0CyC ' iC 9r ° UP haVin9 4 10 30 Carb ° n at ° mS; and P rSpreSentS 3 number 
[4] An anthracene derivative represented by general formula (III): 
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X If Z J '"dependently represent a substituted or unsubstituted trifunctional aromatic ring group 
having 6 to 30 carbon atoms or a substituted or unsubstituted trifunctional heterocyclic group having 4 to 30 carbon 
kT; HI ! 8Ch ,nde P endent * present hydrogen atom, a halogen atom, cyano group ni.ro group a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted 
aryloxy group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted aryithio group a sub- 

k T, or 3 u 0 nsub8tituted amino 9™P °r a substituted or unsubstituted aryl group; adjacent groups represented 
by Ri o R20 may for r|ngs by formjng bonds between each other . Q represems a substjtuted Qr uns ^ bstituted 

cydoalkylene group having 5 to 30 carbon atoms, a substituted or unsubstituted arylene group having 6 to 30 
carbon atoms or a substituted or unsubstituted divalent heterocyclic group having 4 to 30 carbon atoms' and p 
represents a number selected from 0, 1 and 2. P 
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[5] An organic electroluminescence device which comprises a light emitting area comprising an anthracene deriv- 
ative described in any of [1] to [4]. 

[6] An organic electroluminescence device which comprises an organic light emitting layer comprising an anthra- 
cene derivative described in any of [1] to [4]. 

17] An organic electroluminescence device described in any of [5] and [6], wherein the organic light emitting layer 
further comprises a substance forming a recombination site. 

[8] An organic electroluminescence device described in [7], wherein the substance forming a recombination site 
is a fluorescent substance having a quantum yield of fluorescence of 0.3 to 1 .0, 

[9] An organic electroluminescence device described in any of [7] and [8], wherein the substance forming a re- 
combination site is at least one compound selected from styrylamine compounds, quinacridone derivatives ru- 
brene derivatives, coumarine derivatives, perylene derivatives, pyrane derivatives and fluoranthene derivatives 
[10] An orgamc electroluminescence device described in any of [5] to [9], wherein a layer of a chalcogenide a 
laye- of a metal halide or a layer of a metal oxide is formed between the organic light emitting layer and a cathode 
or an anode 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

[0010] The organic compound of the present invention is a compound represented by general formula (I): 

A 1 R 8 R* R 1 * 




(I) 
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In genera formula (I), X and Y each independently represent substituted or unsubstituted trivalent aromatic ring group 
having 6 to 30 carbon atoms or a substituted or unsubstituted trivalent heterocyclic group having 4 to 30 carbon atoms 
[001 1] Examples of the trivalent aromatic ring group having 6 to 30 carbon atoms include trivalent groups obtained 
by eliminating three hydrogen atoms from aromatic compounds such as benzene, naphthalene, biphenyl terphenyl 
tnphenyl, chrysene, naphthacene, picene, perylene, pentacene, coronene, rubicene, anthracene, benzofa] anthracene 
benzo[a]pyrene, tetraphenylene and bisanthracene. Examples of the trivalent heterocyclic group having 4 to 30 carbon 
atoms mciude trivalent groups obtained by eliminating three hydrogen atoms from heterocyclic compounds such as 
furan, thicphene, pyrrol, 2-hydroxypyrrol, benzofuran, isobenzofuran, 1-benzothiophene, 2-benzothiophene indole 
isoindole, indolidine, carbazole, 2-hydroxypyrane, 2-hydroxychromene, 1-hydroxy-2-benzopyrane, xanthene 4-hy- 
droxythiopyrane, pyridine, quinoline, isoquinoline, 4-hydroxyquinolidine, phenanthridine, acridine, oxazole isoxazole 
thiazole, isothiazole, furazane, imidazole, pyrazole : benzimidazole, 1 -hydroxyimidazole. 1,8-naphthylidine pyradine 
pynmidine, pyndazine, quinoxaline, quinazoline, phthaladine, purine, perimidine, 1,10-phenanthroline, thianthrene 
phenoxthme, phenoxazine, phenothiazine, phenazine : silacyclopentadiene, silabenzene and dibenzo(b f)azepine 
[0012] In the above general formula (I), (1 ) A^ to A* may each independently represent a substituted or unsubstituted 
aryl group having 6 to 30 carbon atoms or a substituted or unsubstituted monovalent heterocyclic group having 4 to 
30 carbon atoms. Examples of the aryl group having 6 to 30 carbon atoms include phenyl group, naphthyl group 
biphenyl group, anthranyl group, terphenyl group and styryl group. Examples of the monovalent heterocyclic group 
having 4 to 30 carbon atoms include monovalent groups corresponding to the trivalent heterocyclic groups described 
as the examples of the groups represented by X and Y. 

[0013] In the above general formula (I), (2) A^ and A3 may each represent hydrogen atom and A2 and A* may each 
represent a styryl group. The phenyl portion of the styryl group may be substituted and the a-position or the p-position 
of the vinyl portion of the styryl group may be substituted with an alkyl group having 1 to 30 carbon atoms When there 
are a plurality of substituents, the substituents may form a ring structure by forming a bond between each other Ex- 
amples of the styryl group include phenylvinylene group, triphenyivinylene group, naphthylvinylene group, biphenylvi- 
nylene gro jp, terphenylvinylene group and anthranyMnylene group. 
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substituted alkoxy group having 1 o eoT lmf a « h * f - P V ' n9 1 l ° 6 ° arb ° n atoms > a substituted or un^ 
atoms^subsio?^ 

alkylthic group having 1 to 20 carbon atoms™ 11 Ze c^ubs, ute Sit™' \ SMute(1 or ""substituted 
a substituted or unsubstituted amino group a substituted or unauSSS T ^ aV ' n9 6 ,0 1 8 Carbon atoms < 
a substituted or unsubstituted ary, group L^TTcZ^!^ ^ **" ^ ' * 6 Mrbon at ° mS « 

Lp r i yl ^^;^s^ r ~^^p"^;^ r yl r p - r hyl ^ ^ ~» 

types of ^exyl groups. Examples of the alkoxy group havino to 6 S ' ^ ^ P6S ° f pentyl grou P s and vari °" s 
propoxy group, isopropoxy group, butoxy Z p ^ isobutoxv lo^.n f k f ' nC ' Ude me,h0Xy 9raup < «h°xy group, 
of pentyloxy groups and various types oThely oxy gro ps ^bZZZST" ^ 9r ° Up ' various 

include phenoxy group, tolyloxy group an Z2Z n T 6 3,Vl0Xy 9TOUp haVing 6 10 1 8 carbon atoms 
atoms include benzyloxy grou^phTneixv^n 9 1 f^"* °' th * aralkyl0X y 9rou P navin ° 7 to 1 8 carbon 

1 to 20 carbon atoms ZZa'ryS™ 

phenyfthb group and tolylthio grolp IZX 3 amin f«SS^Tt 9r ° Up ' ethylthi ° 9 ™P 

atoms include diphenylamino group, diZhthy^ino a oun Z n TTt a " ^ 9r ° Up haVing 5 10 1 6 cart ™ 
group having 1 to 6 carbon atoms i^S^^ZZ X^T^ ^ * ^ eSter 

isopropoxycarbonyl group. Examples of the halogen at ! ? n Z'J ? V , * ^ ^P^^yl group and 
Adjacent groups represented by FV to R« may f^^SJ" STk? m " Ch '° rine at0m a ° d br0mine atom ' 
[O016] h the above oeneral frLm* m n 9 Y ™ ng b0nds betw een each other. 

iocarLatom^birj^^ 

stituted divalent heterocyclic group having 4 to 30 ca*o 2 T 8 ? 3 °f arDOn a,oms or a substituted or unsub- 
carbon atoms include cydopentylene g oup ^SSSS^^SS^^ ^ ^ h ^ing 5 to 30 

group having 6 to 30 carbon atoms include p^S ^^252°^^ EXamP ' eS ° f the a * lene 
group and terphenylene group. Example- of ^TdivLXt* nap * hylene 9roUD ' b 'Phonylene group, anthranylene 
valent groups corresponding to S^^aZS^^T^ ^ ^ 4 t0 30 Carb ° n at0ms inc,ude * 
£0017] Ir the abov general foimS^^iT^ ^? V eXamP ' eS °' thS gr0ups re P^sented by X and Y 
at both sides are bJSSS^^SST^ ^ ^ °' 1 a " d * When p represents 0, groups 

o^' f — 0) - ('") substituents, examples 
the groups represented by Ri to R^S^^^TT, T PS re P resented b V R 1 to A". Similarly to 

[0019, The anthracene derivative repr£ en £ a^^SSZS mt a?" 11 " 9 TT "* 

having the structures described above AmonnthLsl formula (I) ls a compound selected from the compounds 
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In the above general formulae (II) and (II 1 ), * to A* FV to R"*, Q and p are as defined in general formula (I) 
[0021] The preferred embodiments of the anthracene derivative represented by general formula (I) further include 
anthracene derivatives represented by the following general formula (III): 




R« R 13 



(HI) 



In the above general foirnula (III), X, Y, Q and p are as defined in general formula (I) and R1 to R2° represent the same 
atoms or groups as those represented by R 1 to R 16 . 

[0022] Adjacent groups represented by R1 to R20 may form rings by forming bonds between each other Adjacent 
groups represented by Ri to frequently form rings by forming bonds between each other. 
[0023] (Examples of the anthracene derivatives represented by general formulae (I). (II), (in and (III) include com- 
pounds E I to E44 shown in the following: 
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142 



H 3 <p 

^2^-CH*CH' 




CH=CH-^^ 
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E43 




E44 




Hf— CH 3 



[0024] The process for producing the anthracene derivative represented by general formula (I) is not particularly 
limited and various processes may be used. For example, a desired anthracene derivative can be efficiently produced 
in accordance with the following process. 

[0025] "he process for producing a compound represented by general formula (I) in which A1=A3, A2=A* and X=Y 
will be described. A halogen compound represented by general formula (1-a): 



A 1 



A 2 * 



X-Z 



(1-a) 



wherein A 1 , fi? and X are as defined above and Z represents a halogen atom, is reacted with an alkyllfthium reagent 
and converted into a lithium compound. The obtained lithium compound is reacted with a bianthrone compound reo- 
resented by general formula ( 1 -b) : v 




(1-b) 
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wherein Ri to R« are as defined above, and a bisphenol derivative 



represented by general formula (1-c): 
R 1 R e R 9 R 16 
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tained. P ' th6 anthracene derivative represented by general formula (I) can be ob- 

Sedll^Tpa- ^£~JT r 9 " ' eaSt 8n *« — « +~ 

constructs: txamples of the construction of the organic EL device include the following 

(1 ) An anode / a light emitting layer / a cathode; 

(2) An anode / a hole injecting layer /a light emitting layer / a cathode- 

3 An anode / a light emitting layer / an electron injecting layer / a cathode- 

a cathode. ' 9 V ^ ,rans P ort,n 9 la V er/ « "OW emitting layer/ an electron injecting layer/ 

* SSTioS th'"" ? ^ ° f ^ ° r9aniC EL d8ViCe 18 n0t limited 10 the «bove examples 

light emittinc, layer the hole transoort ina ZTr til' , ° ( 0 com P r,ses in the »8M emitting area such as the 

than the Strode layer ) n nTKSJS^C^^ 'T ? ^ h °' e ^ < the ^ «*• 

in the light emitting layer construct™*. It is more preferable that the anthracene derivative is comprised 

glass, aluminosllicate glass" borosilicate glasToaTun ZZtTnf ' *L contamm 9 b *™™ and strontium, lead 
resin plates ir.dudepLs made of polyc^ 

sulfide resins and polysulfone resins ^ S ' P°'y eth y |ene terephthalate resins, polyether 

Semite"^ 

for the anode include metals ^^^^S^^S used ' Specific examples of the material 

and In-Zn-O. The anodecan be preoarec ZomlTZT T T CU ' n ' ' T ° (indiumtin oxide )' Sn0 2 
with a process such as t^^^S!^!^ n* deSCribed ab0Ve in accordan <* 

omitting medium layer is obtaLd ^,0^^ is Te^ZZlZ^T *T "* ^ ** ' i9ht 

r e ?h=^ 

[0031 J , cathode! an e|ectrode made Qf a materia( such ^ g ^ a(|oy a conductjve ^ ^ 
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of the cathode is several hundred on or m^^S^^^^- 9 "^ ** ^ ,he " 

10 nm to 1 um and preferably in the range of 50 to 200 nm ' 9<Sneral ' SeleCted ^ r3n 9 e ° f 

Specificaly, it is preferable thaU aveTof chlonlnin , , „ PS,r ° f eleCtr ° des prepared as described ^ove. 
is disposed on the surface offhe anol a^he lidf n f ? h TIT" 9 " 0M9) °' & M SUch as 8ilicon and a '^™" 
a metal oxide is dfspled on t e s^ace ™££XTT?% 7*"" ^ and 3 ' 8yer ° f 8 metal halide «r 
layers, stabiiity in ding can beS " 9ht emmin9 mediUm ,ayer ' Due ,0 the ab ° ve 

[0035] Freferable examples of the chalcogenide include SiO v (1 ^2) AIO f1s:*<i rot q.om w o«,™, „ 
arable examples of the metal halide include CsF LiF MqF CaF ~znd t ,1 SlI m ^ d S,A,0N - Pref " 

amples of the me.a, oxide include Cs 2 0, Li 2 0, MgO B^ and Ca0 ^ m9ta ' S ' Preferab ' 9 8X " 

Kng ^0^ pTeSlyS, ^ ^" " "» P '~ nt 3 ^ ^ *° combination of the 

£ HeSir 9 fUnCt, ° n: ^ fUnCti ° n ° f ,ranSP ° rtin9 injeCt6d ^ and holes) by the force o, 

Kerat:^ 

d rn^r= 

and fluorantr ene derivatives^ LS e ol ^ZnTT, ^T"' P9rV ' en ° da ™ ativas . PV«ne derivatives 
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used in the device is decided in accordance with the luminance of light emission and the color of emitted liaht of the 
Nght emitting layer. It is preferable that the amount is in the range of 0.1 to 20 parts by ma^"J^$!££ 
the organ* compound described above. When the amount of the substance forming a recomblnal s7e is^slhan 
he* r^ IT J 6 t IUminanCe ° f " 9ht em ' SSi0n t6ndS t0 d6Crease - ^ the ™ n < exceed 2 n 0 Xs by mass 
emlTandTh^t * ma ' ntain ™ ** M balance between tna of the S 

m n , k, , ^T 06 the ° r9aniC EL d6Vice ' il is preferable that ,he a ™^ <• 0.5 to 20 parts by mass 
S"'*^ 1 ° t0 1 0parts * mass P er 1 00 Pa*s by mass of the organic compound describe? above 
SS„r w teria ^ onstltut " 1 9 tne or 9 a " ic "9* emtting layer of the organic EL device, compounds shown in the 

ollowmc, are used ,n addrbon to the above compounds in accordance with the desired hue. For example to oWain 

m Z^IS*" ° f U ' traVi0,et re9i ° n 10 PUrP ' e ' 8 C ° mP0Und reprSSented by the M ° 9 e 1 forS 



... (W) 



wherein X represents a divalent group represented by the following general formula: 




a representing an integer of 2 to 5, and Y represents an aryl group expressed by the following formula: 



or 




[0044] In the compound represented by general formula (IV), phenyl group, phenylene group and naphthyl group 

Zinc ■JSE *1 su , stituente se,ected from alkyi 9roups havin9 1 to 4 carb - at °™. 

having tc 4 carbon atoms, hydroxyl group, sulfonyl group, carbonyl group, amino group, dimethylamino group and 
SSES 9r ° UP h Whe H n th6re are 3 P IUra,it V of these g™P*- the groups may beaded to each XfZfo^n 
Z S flV TT mbered ° r s «- me mbered group. In the compound, it is preferable that the bond is formed a the 

fZZT h ^ t 9r ° UP ' . Ph6nyl6ne 9r ° UP and naphthyl 9rou P since the bondi "g to rigid and a smooth 1 is 
SEES. I P °, S,t '°K n W ' th0Ut ° hSmiCal decom P° s «ton. Specific examples of the compound represented by gen 
eral formula (IV) include the compounds expressed by the following formulae ^ooygen 

Phenyl grolp. 6 ,0 "° Win9 f0r ™' ae ' ^ r6Pr6SentS 9r ° UP ' ^ repr6SentS 9™P and Ph represents 
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[0046] Among the compounds shown in the above, p-quarterphenyl derivatives and p-quinquephenyl derivatives are 

pi €T6rciDI@. 

Sh 471 , T ° l b,ain SmiS f i0 " ° f b ' Ue t0 9re6n li9ht ' f ° r eXampls ' a f luor escent whitening agent of benzothiazole. benz- 
midazole or benzoxazole a metal chelate compound of an oxinoid compound or a styrylbenzene compound can be 
used. Examples of the above compounds include compounds disclosed in Japanese Patent Application Laid-Open 
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No. Showa 59(1 9B4)-1 94393. Further examples of the compound useful as the above compounds include compounds 
listed in Chemistry of Synthetic Dies, 1971 , pages 628 to 637 and 640. 

[0048J As the metal chelate compound of an oxinoid compound, for example, compounds disclosed in Japanese 
Patent Application Laid-Open No. Showa 63(1988)-295695 can be used. Typical examples of the above compound 
include metal complexes of 8-hydroxyquinolines such as tris(8-quinolinol)aluminum and dilithium-epintridione 
[0049] As the styrylbenzene compound, for example, compounds disclosed in European Patent Nos. 031 9881 and 
03735B2 can be used. Distyrylpyrazine derivatives disclosed in Japanese Patent Application Laid-Open No. Heisei 2 
(1990)-252793 can also be used as the material of the light emitting layer. Polyphenyl compounds disclosed in Euro- 
pean Palent No. 0387715 can also be used as the material of the light emitting layer. 

[0050] Compounds other than the fluorescent whitening agents, metal chelate compounds of oxinoid compounds 
and styrylbenzene compounds can be used as the material of the light emitting layer. Examples of such compounds 
include the following compounds: 12-phthaloperinone (J. Appl. Phys., Volume 27. L713 (1988)); 1,4-diphenyM 3-buta- 
diene and l.l^^-tetraphenyl-I.S-butadiene (Appl. Phys, Lett., Volume 56, L799 (1990)); naphthalimide derivatives 
(Japanese Patent Application Laid-Open No. Heisei 2(1990)-305886); perylene derivatives (Japanese Patent Appli- 
cation Laid-Open No. Heisei 2 (1990)-1 89890); oxadiazole derivatives (Japanese Patent Application Laid-Open No 
Heisei 2 (1990)-216791 and HAMADA et al., the 38th Associated Meeting of Applied Physics); aldazine derivatives 
(Japanese Patent Application Laid-Open No. Heisei 2 (1990)-220393); pyrazine derivatives (Japanese Patent Appli- 
cation Laid-Open No. Heisei 2 (1990)-220394); cyclopentadiene derivatives (Japanese Patent Application Laid-Open 
No. Heisei 2 (1990)-289675); pyrrolopyrrol derivatives (Japanese Patent Application Laid-Open No. Heisei 2 (1990)- 
296891); styrylamine derivatives (Appl. Phys. Lett., Volume 56, L799 (1990); coumarine compounds (Japanese Patent 
Application Laid-Open No. Heisei 2 (1 990)-1 91694); and macromolecular compounds described in International Patent 
Application Publication WO90/13148 and Appl. Phys. Lett., Vol. 158, 18, P1982 (1991). 

[0051J n the present invention, it is preferable, in particular, that aromatic dimethylidine compounds disclosed in 
European Patent No. 0388768 and Japanese Patent Application Laid-Open No. Heisei 3 (1991)-231970 are used as 
the material of the light emitting layer. Examples of the above compounds include 4,4'-bis(2,2-di-t-butylphenylvinyl) 
biphenyl, 4,4 , -bis(2,2-diphenylvinyl)biphenyl and derivatives of these compounds. 

[0052] Further examples of the compounds which are used as the material of the light emitting layer include com- 
pounds represented by the general formula (Rs-Q) 2 -AI-0-L which are described in Japanese Patent Application Laid- 
Open No. Heisei 5(1993)-258862. In the general formula, L represents a hydrocarbon group having 6 to 24 carbon 
atoms which comprises a phenyl portion, O-L represents a phenolate ligand, Q represents a 8-quilinolate ligand and 
Rs represents a substituent to the 8-quinolinolate ring which is selected so as to inhibit coordination of more than two 
8-quinolinolate ligands to the aluminum atom. Specific examples of the above compound include bis(2-methyl-8-qui- 
nolinolato)(para-phenylphenolato)aluminum(lll) and bis (2-methyl-8-quinolinolato)(1-naphtholato)aluminum(lll). 
[0053] IWxed emission of blue light and green light can be obtained in a high efficiency in accordance with the doping 
method a« disclosed in Japanese Patent Application Laid-Open No. Heisei 6 (1994)-9953. In this method, the light 
emitting material described above can be used as the host. As the dopant, a fluorescent die having strong blue to 
green color such as a coumarine fluorescent die and the same fluorescent die as that used for the host can be used 
Specifically, a light emitting material having a distyrylarylene skeleton structure and preferably 4,4'-bis(2,2-diphenylvi- 
nyl)bipheryl is used as the host and a perylene derivative and preferably, for example, a distyrylarylene derivative is 
used as tre dopant. 

[0054] "Thelightemittinglayerforobtainingemissionofwhitelightisnotparticularly limited. Thefollowingliqhtemittinq 
layers ma]/ be used: 

(1 ) A light emitting layer in which the energy level of each layer in an organic EL laminate is specified and light is 
emitted utilizing the tunnel injection (European Patent No. 0390551). 

(2) A ight emitting device emitting white light which is described in an example of a device utilizing the tunnel 
injection similarly to the device in (1) (Japanese Patent Application Laid-Open No. Heisei 3(1991)-230584). 

(3) A light emitting layer having a two-layer structure (Japanese Patent Application Laid-Open Nos Heisei 2(1 990)- 
220390 and Heisei 2(1 990)-21 6790). 

(4) A light emitting layer divided into a plurality of layers each of which is composed of a material having a different 
wavelength of emitted light (Japanese Patent Application Laid-Open No. Heisei 4(1992)-51491). 

(5) A light emitting layer in which a light emitting material emitting blue light (the peak wavelength of the fluores- 
cence: 380 to 480 nm) and a light emitting material emitting green light (the peak wavelength of the fluorescence: 
480 to 580 nm) are laminated and a fluorescent material emitting red light is further contained (Japanese Patent 
Application Laid-Open No. Heisei 6(1994)-207170). 

(6) A light emitting layer in which a light emitting layer emitting blue light contains a fluorescent die emitting blue 
light, a light emitting layer emrtting green light has an area containing a fluorescent die emitting red light and a 
fluorescent material emitting green light is further contained (Japanese Patent Application Laid-Open No. Heisei 
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7(1i)95)-142169). 



[0055] 
[0056] 
[0057] 

group. 



Among these light emitting layers, the light emitting layer having structure (5) is preferably used 

As the fluorescent material emitting red light, compounds shown in the following are preferably used 

In thefollowing formulae, Me represents methyl group, iPr represents isopropyl group and Et represents ethyl 





CH-CH 



-o 



N6t 3 
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guished from a thin film formed by the LB wocJ. to m ft ^, « ', T ™ lecular de P°sition film can be distin- 

pound comprised in the abVveThi 2^ " ^ * d " hwnt fr ° m the Com " 

general, as small as 5.5 eV or smaller For the h^e in^nn ZT h °' eS ^ th6 i0nl2ati0n ener 9y ,n 

105537, Showa 55(1 980)-51 086 Showa 56098l780of? «fho 5 t^p^ o 3 55 < 1 980 >- 88 °65, Showa 49(1974)- 
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and Heisei 2(1890)^11591); stilbene derives u£!nlT£ S t h ° Wa , 57 < 1982 )- 11 350, Showa57(1982)-148749 
210363, Showa61(1 9 86)^84 5 1 Show. 61(1986)- 

62(1987)-36674, Showa 62(1 987)- 10652 Showa 62 1987) S2! Sh ° Wa 62(1 987 )" 47646 . Showa 

Showa 6;0(1985)-1 74749 and Showa 60( 9 8 Tl 7 SS 7 >.? 0255 ' Showa 60(1985)-93465, Showa 60(1985)-94462, 
polyeilane compounds (Japanese Patent ion I n T u" ^ (Un ' ted StatCS Patent No ' 4 * S0 * 5 <» 

anese Patent Application S SpenTieTS 

si'tr rr? oiisomers 

Showa 63(1 988)-295695V aromatic tertian? lTn7™ ° omp ° unds ( Ja P a ^se Patent Application Laid-Open No. 
4,127,4i ; /and Japanese pZTa^S^^ 

54(1979) 149634 Showa MVwZtoa ^f™™ ^°wa 53(1978)-27033, Showa 54(1 979)-58445, Showa 

K? ^r e r?- 2 ^~ Showa 56(1981) - 

S in' css^toToS ^rirr ed aromatic rinss in ihe — * ^ - * 

pounds having three triphenyJa^ and com- 

plication Laid Open No. He Z S 308688 ^ ^ T' ^ diSC '° Sed ,n Japanese Patent 
^'ne.AromaScdime^ 

compounds such as the p-type Si and the o-tvoe Sir r Bn oil h! mater ' al of ™ light emitting layer and inorganic 
[0065] To form the a thin film of th! ? mat6rial * ^ "* injeCting 

with a conventional process such as the vi^^T^ ^ corn P ound is for ™d in accordance 

ess and the LB process. The thtkness h^T/ P !?? Pr0CeSS ' ,he Spi " C ° atin9 process < the P™- 
ness is, in oeneral 5 nm to .,m Ac i n „ ,u ,n J ecTin 9 and transporting layer is not particularly limited. The thick- 

area, the hole injecting JZ^^^S^TT'T^ is Containad in tna h°' a Unsporting 
selected from the materia* described ab Z o?X b rtSSSLTE^ ^ " matenalS 
with a hole injecting and transporting layer compSno a comDoundi 1! t f Me ' niec ^ and transporting layer 
above hole injecting and transporting layer PnS ' ng & com P° unds ^rent from the compound comprised in the 

Sti S ^;= 

an organic semiconductor, electrically conductive ^ZZZI L J 9 ^ the material of tne la y er of 
taining arylamines disclosed in JaSes P^JSh^T i ™ C ° ntaining thi0phene > olid0mers con ' 

srr r mers such : 8(1996H93191 and e,ectricai * 

«i ala «™ '^ the iight emitting layer and has a 

excellent adhesion with ft e , cathode ^^12.^ ^? ! • Ctr ° n '"^"O ^ « ™««rlBl exhUting 

droxyquinoline and dJIlS^^J^ 2 ^^^7 T "** C ° mP,6XeS ° f ^ 
and derivatives thereof which can be used as ihlZZ*t?L , ♦ 6tal com P |exes of 8-hydroxyquinoline 

of oxinoid compounds including Tf 9 la * er include chelate compounds 

tris(8-quinolinol)aluminum. impounds of oxme (,n general, 8-quinolinol or 8-hydroxyquinoline) such as 

Sera, f!Z:e^T ,aZ0>e deriV8tiVe inC ' Ude e,eCtr ° n tranSf6rrin9 COmP ° UndS r ~ ad b V the following 



N-N 

rt-l Q y A ? (v) 



N-N N-N 
Ar M^>-Ar^ o >-Ar* (VI) 
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vacuum vapor deposition process he spin S^pSSTK^SlT aCC ° rdan ° e * Pr ° CeSS SUCh 35 the 
vapor deposition process is preferable sEc aTLZ Z ' l h ^ Pr ° CeSS ^ the LB process ' The vac <"™ 
suppressed. When the hole Inject^ Xer is Zed Z accordance wt'^ ^ f ° rmati ° n ° f * MeS Ca " be 
conditions of the vacuum vapor deposition p^MdSSnl ^ m ^ r ^ ltapro,!,,l ' ,,,9 
hole injecting layer) and the crystal structurVand m^lr" depend,n9 on the impound used (the material of the 
in genera I, it is preferable thauhe temperate of to^S^ST? " f h °' e ^ t0 be formed 

450-C, the degree of vacuum is selected in th ran* of I o to 1 £-3 ^ L TT " ,he ran9e of 50 10 

range of 0.01 to 50 nm/second, the temperature TftL l h J,lt ^ . ' ^ °' Vap0r de P° si «°" >* elected in the 
thickness of the fi.m is selected ttheTa'ng" ol 5 nr! ,tc < JuT '*** " * e r3n9e ° f " 5 ° t0 300 ° C ™« the 

fZL S a Paired organic light emitting materia,, 

depositor process the soutterinTirLTfl T accordance with a process such as the vacuum vapor 

deposition proce" P^ss ^ the casting process. The vacuum vap'o 

When the light emitting layeftefo^ 

vacuum vapor deposition process™ dL™^<2? o n t^ T ^ deP ° Siti ° n pr0C6SS ' the oonditions <>' the 

sr ^rrr ran9es as those szztt zzsTtZSL ;sx e cond,tions can be 

since the formation of a uniform film I nelesS The canrml V&P ° r dep ° sition process is 

selected in the same ranges as tho se i^K!Z? ft ?7th I ! Va ° UUm VaP ° r dep0Siti0n process can be 
[0076J The process for adding the anthracene delaS h "f * ^ ,h6 li9ht * mittin 9 ^ 

in which the anthracene derived ISIS? W en ^ ^^0 '^ " " different dep6ndin9 °" ,he ^ 
ative can be vacuum vapor deposited simultaneous! wi h VtoZZ J -TT Pr ° CeSS " US6d ' the anthracene deriv- 
anthracene derivative can be Seed J^S^^Z^' ^ *' ^ 0Mfln « pr ° CeSS is 

t~h?m^^^ 

Thevacuun.vapordepositionpro^fs 2^ 

steps during the formation of the cathode can be prevented 9am ° ' ayerS f0fmed in previous 

Sn^th^ the formation 0, the anode to the 

the pressure is maintained at the reduced pressure PP tUS ^ preparation is educed and while 

S rreirSht^ be 0bsa - d the anode is connected to the 

When the anode Is 'connected to the W 8 ^ ° f 3 10 40 V * appliad ' 
the light emission is not observed at all When Ta terna ii I IS J COnneC,ed t0 »• P^^e electrode ( + ), 
only when the anode is connected torsive ZZTl^TZ * ^ emiSSi ° n ° f m te observed 

B. The wave form of the appiied atterna'ng imited ^ " ™ mM to ^ negatiVe e,ectroda 



Example 1 (S ynthesis of compound E1) 



45 



50 



55 



s pi^r^sx. 9 ^ a Tso:?oTaT; yibromobenz6ne was disso,ved a 

solution was (:0 oled at -20»C in a mZnol bath cooled IT^Tl T tet ?^ drcfuran and the resultant 
hexane; 21 ml; 32 mmol) was ad*d«S I the , Su^S V 7° , C °°' ed SOlUtion • n - but y»ithium (1 .50 M in 
of bianthronewas added and the resuftam ^ 1 hour ' Tbe ". ™ 9 f»0 mmol) 

successively, and left standing for one nioht The 1 ^ h ° Ur a " d at room te mpereture for 6 hours, 

solution of ammonium chloride The tormS VI *1Z?Z? qUenChSd ^ 50 ml of a satura tsd aqueous 

P cru?^^^ 

etone and 5.9 <, (the yield: 84%) of a white soNd Jas obfE T f " d WaShed Wi * W3t6r ' mefhano1 and ac " 
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Elemental analysis (%): C: 94.52; H: 5.38 (the calculated value (%) as C64 H 42 : C: 94 78 H' 5 22) 
FD-MS: m/z=810 (M + , 100) (the molecular weight calculated as C^H^I 0) ' 

Example 2 (Synthesis ot compound E7) 

Wmmwm^m 

^^^^^^ 

Example 3 [Synthesis of compound E14) 

Et n—? atm ° Spt l er , e of ar 9° n ' 8 0 9 < 20 ^mol) of the white solid obtained above was dissolved into a mixed 

one 2™ I o i! 9 (thG yi6ld: 71%) ° f 3 di0 ' C ° mp0und was obtained as a solid. Then undeSe atmt 
phere of argon, 4.9 g (4.8 mmol) of the diol compound obtained above was suspended in 50 ml of acel acld ToX" 

^JESTK f:; t hydr0i ° dic t aCid < 6 m ' ; 48 mm ° l; 1 ° *«> Was addad and the resul«xt ; w^s 2 ed 

analyse and the field desorption mass spectroscopy (FD-MS) were as follows: accordan cew,th the elemental 

Elemental analysis (%): C: 91 .98; H: 4.52; N: 2.64 (the calculated value (%) as C^hUN,: C- 92 28 H' 4 89- N- 2 83) 
FD-MS: rVz=9B8 (M+, 1 00) (the molecular weight calculated as C^H^N^gSB) > 
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Example* 4 (Synthesis of compound E31 ) 

[0088] Jnder the atmosphere of argon, 7.8 g (22 mmol) of the white solid obtained above was dissolved into a mi** 

at 20 C in a methanol bath cooled with dry ice. To the cooled solution, n-butyllithium (1 50 M in hexane' i 6m i l 
mmol) was added and the resultant mixture was stirred at -20°C for 1 hour Then 28 a (7 frll „f hll ' 
added and the res u,tant mixture was stirred at -20»C for 1 hour and at ^^^X^^^ZS 
and left sland|ng for one njght Jhe reactjon ^ P j^JdKS 

solution o' ammonium chloride. The formed solid substance was separated by Latio ^nd wwhed wtt^ISi Tl 
ano and acetone and 5.1 g (the yield: 76%) of a dio, compound JL^T^S^S! STSSS 
phere of argon, 5.1 g (5.5 mmol) of the diol compound obtained above was suspended in 50 ml of a^c acid ToThe 

^teThZ^f^T <6 48 mm ° l; 1 ° 6q) W9S 3dded and the -ultanfmS w^s 22 
Sim onlt t,0n Pr ° dUCt W3S < uenched b y ^ding 30 ml of a 50% hypophosphorous acid The formed 

sohd substance was separated by filtration and washed with water, methanol and acetone and 4 5 g (5he y£?S? 
of a white sohd was obtained. The results of measurements with the obtained product in accordant ^teSLZ^l 
analysis and the field desorption mass spectroscopy (FD-MS) were as follows: accordance Wlth the elemen «al 

Elemental analysis (%): C: 80.53; H: 4.49 (the calculated value (%) as QmH^NA- C- 80 86 H- 4 7S1 
FD-MS: m/z=890 (M*, 100) (the molecular weight calculated as Ceo H JS=«K) ^ 

Example 5 (Preparation of an organic EL device) 

l Z:ZZVZ~ irradiati ° n by U,traVi ° let - ^ * a ->~ef or a vST 

?" k! 8Ub8trate 31 th ° Side haVing the t^nsparent electrode line, a film of N N'-bis(IM N'- 

diphenyl-4-am,nophenyl)-N,N-diphenyl-4,4'-diamino-1,r-biphenyl (referred to as a TPD232 f ilm, here^naC hS Q a 
S, eS o° i 7 WM f0rmed ' ThG f ° rrned TPD232 fi,m worked 98 the ™* injecting layer ^'"^ haV ' n9 3 
h?r! nL ° rm ?. d l PD232 fHm ' 3 fNm ° f 4 ' 4 '" bis t N -(1 -naphthyl)-N-phenyl]biphenyl (referred to as an NPD film 

SETS S!? P r 2 °n m T f ° rmed - The f ° rmed NPD film worked as " he holeCsporti g Z ' 
EK as^rCC' 3 C ° mP0Und E1 3 thk:kneSS ° f 40 ^ ^ M ^ iad fi,m 

Sted^:^ 

[0096] When a voltage of 6 V was applied to the obtained device, emission of blue light was obtained at a maximum 
luminance oi 43,000 cd/m* and 3.0 cd/A. The spectrum obtained by the device had a peak wave ton<£ a arounTio 
nm and excellent purity of color having the chromaticity coordinates of (0.150, 0.131) was o7teSe3 

Example 6 ( Preparation of an organic EL device) 

[0097] A device was prepared in accordance with the same procedures as those conducted in Examnia «; 

that the light emitting layer was prepared by using compound E4 in place of compo nd E Using the pTpa red dev'e 

the propers of „ g ht emission were confirmed and the test of heat resistance was conduct J ^ 

[0098] The test of heat resistance was conducted in accordance with the following procedures: 
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[Test of heat resistance] 

!T?L„ T ! , l l rS anCe ° f r^" 3 dSVtee WaS meaSUred and the ob,ained value was used ** «ie initial luminance 
(l 0 ). Then the device was kept in a vessel thermostatted at 85'C for 500 hours. Then, the device was taken out of the 
vessel and left standing until the temperature reached the room temperature. The luminance 
500 our. under the above condition was measured. The decrease in the luminance <%) was opined l!2£X£ 
with the following equation and used for evaluating the heat resistance. accorflance 

Decrease in the luminance (%) = (Ig-I^) x 100/I0 
Example 7 (Preparation of an organic EL device) 

J-"°°J * u device was P re P ared in accordance with the same procedures as those conducted in Example 5 except 
hat the light emitting layer was prepared by using compound E7 in place of compound E1 . Using the preZed dev^ f 

USE emiSSi ° n WerS C ° n,imied t6St ° f h6at reSiStanCe Was ~nduc.edTh7r u K^wn 

Example I) (Preparation of an organic EL device) 

A?!^, WaS prepared in aCcordance the same procedures as those conducted in Example 5 except 
that the light emitting layer was prepared by using compound E9 in place of compound E1 . Using the prepared devtee 
,he_prope,t,es of hght emission were confirmed and the test of heat resistance was conducted. The resute are shown 

Example 6 (Preparation of an organic EL device) 

l Znl liohff^inT PrCPared ^ acC ° rdance with the same Procedures as those conducted in Example 5 except 
S? n^^TT^- PrePar6d bV USin9 COmP ° Und E13 in Place "f^Pound E1 . Using the prepared device 
Tn t£ZT em ' 8S,0n W6re C ° fmed 3nd tSSt ° f h6at reSiStanCe WaS conducted ' ™ e resu '* are shown 

Example 1 J (Preparation of an organic EL device) 

£ 1 .°. 3 J „ A devioe was P re P ared in accordance with the same procedures as those conducted in Example 5 excect 
hat the light emttflng layer was prepared by using compound EU in place of compound E1 . Using the pZiddeZ 

In rZl " 9 emiSSi ° n WerS C ° nfimled 3nd t6St ° f h6at r6SiS,anCe WaS COnduc,ed ™ e are shown 

Example 11 (Preparation of an organic EL device) 

,. A device was P re P ared in accordance with the same procedures as those conducted in Example 5 except 
f 1 9 . e T Q ,' ayer ^ PrSPared bV USin9 C ° mp0Und E1 7 in place of compound E1 ■ ^ing the Spared dS 
In TaZT em ' SSIOn W6r ° C ° n,irmed 8nd teSt ° f he3t r6SiStanCe WaS COnduc,ed ' ^a results are shown 

Example 12 (Preparation of an organic EL device) 

thS nnJZH T PrSPared in accordance witn the sa ™ Procedures as those conducted in Example 5 except 
hatthelighlemttlnglayerwas prepared by using compound E31 in place of compound E1. Using the prepared devT 
the^propertms of hght emission were confirmed and the test of heat resistance was conducted. The results are shown 

Comparativo Example 1 (Preparation of an organic EL device) 

thluhl ,i A ^!S T PrePar6d ^ accordance with the same Procedures as those conducted in Example 5 except 
that the light emitting ayer was prepared by using an anthracene compound H1 expressed by the following formula in 
place of compound E1 . Using the prepared device, the properties of light emission were confined and the testTheit 
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resistance was conducted. The results are shown in Table 1 . 




(HI) 



Example '3 (Synthesis of compound E32 ) 

[0107J Compound E32 was synthesized in accordance with the following process: 




PO(OEfe 




E32 



Synthesis of 4-bromostilbene 

[0108] into a 100 ml flask, 25 g (0.1 mol) of 4-bromobenzyl bromide and 19 ml (0.11 mol) of Methyl phosphite were 
placed and the resultant mixture was stirred under heating for 3 hours. After the reaction was completed, the reaction 
solution was concentrated in vacuo and a phosphite was obtained. The obtained phosphite was used In the followino 
reaction without purification. s 
[0109] In a 500 ml flask, the phosphite obtained above, 10 ml (0.1 mol) of benzaldehyde and 200 ml of dimethyl 
sulfoxide were placed and cooled at 0°C with ice water. Then, 13.4 g (0.12 mol) of potassium t-butoxide was slowly 
added and he resultant mixture was kept being stirred at the room temperature for one night. After the reaction was 
completed, the reaction solution was poured into 500 ml of water and the organic layer was treated by extraction with 
ethyl acetats. After drying with magnesium sulfate, the organic layer was concentrated in vacuo using a rotary evap- 
orator and yellow crystals were obtained. The obtained crystals were purified by recrystallization (1 00 ml of isopropyl 
alcohol) and 15 g (the yield: 59%) of 4-bromostilbene as the object compound was obtained. 

Synthesis o compound E32 

[0110] Under a stream of argon, into a 500 ml three-necked flask equipped with a condenser, 1 .6 g (66 mmol) of 
magnesium, a small piece of iodine and 50 ml of THF were placed. After the resultant mixture was stirred at the room 
temperature for 30 minutes, a solution prepared by dissolving 7.8 g (30 mmol) of 4-bromostilbene into 1 00 ml of THF 
was added dropwise. After the addition was completed, the resultant mixture was stirred at 60°C for 1 hour and a 
Grignard ree gent was prepared. 

[0111] Under a stream of argon, into a 500 ml three-necked flask equipped with a condenser, 5.1 g (10 mmol) of 
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lOJO'-dbromo-^'-bianthryl, 0.4 g (5% by mol) of dichlorobis(triphenylphosphine)palladium, 1 ml (1 M; 1 mmol) of a 
toluene solution of dilsobutylaluminum hydride and 1 00 ml of THF were placed. To the resultant mixture, the Grignard 
reagent prepared above was added dropwise at the room temperature. Then, the resultant mixture was heated and 
stirred under heating for one night. After the reaction was completed, the reaction solution was cooled with ice water. 
s The formed crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, 
and 3.5 ci of a yellow powder was obtained. The yellow powder was identified to be compound E32 by measurements 
in accordance with NMR, IR and FD-MS (the yield: 50%). 

Example 14 (Synthesis of compound E33) 

[0112J Compound E33 was synthesized in accordance with the following process: 



15 



20 



25 




Synthesis of 3-bromostilbene 

[0113] mto a 100 ml flask, 25 g (0.1 mol) of 3-bromobenzyl bromide and 19 ml (0.11 mol) of triethyl phosphite were 
placed ar d the resultant mixture was stirred under heating for 3 hours. After the reaction was completed, the reaction 
35 solution was concentrated in vacuo and a phosphite was obtained. The obtained phosphite was used in the following 
reaction without purification. 

[0114] In a 500 ml flask, the phosphite obtained above, 10 ml (0.1 mol) of benzaldehyde and 200 ml of dimethyl 
sulfoxide were placed and cooled at 0°C with ice water. Then, 13.4 g (0.12 mol) of potassium t-butoxide was slowly 
added and the resultant mixture was kept being stirred at the room temperature for one night. After the reaction was 
40 completed, the reaction solution was poured into 500 ml of water and the organic layer was treated by extraction with 
ethyl acetate. After drying with magnesium sulfate, the organic layer was concentrated in vacuo using a rotary evap- 
orator and yellow crystals were obtained. The obtained crystals were purified by recrystallization (100 ml of isopropyl 
alcohol) and 20 g (the yield: 77%) of 3-bromostilbene as the object compound was obtained. 

« Synthesis of compound E33 

[0115] Under a stream of argon, into a 500 ml three-necked flask equipped with a condenser, 1.6 g (66 mmol) of 
magnesium, a small piece of iodine and 50 ml of THF were placed. After the resultant mixture was stirred at the room 
temperature for 30 minutes, a solution prepared by dissolving 7.8 g (30 mmol) of 3-bromostilbene into 1 00 ml of THF 
so was added dropwise. After the addition was completed, the resultant mixture was stirred at 60°C for 1 hour and a 
Grignard eagent was prepared. 

[0116] Under a stream of argon, into a 500 ml three-necked flask equipped with a condenser, 5.1 g (10 mmol) of 
10,10'-dibromo-9,9MDianthryl, 0.4 g (5% by mol) of dichlorobis(triphenylphosphine)pal1adium, 1 ml (1 M; 1 mmol) of a 
toluene solution of diisobutylaluminum hydride and 1 00 ml of THF were placed. To the resultant mixture, the Grignard 
55 reagent prepared above was added dropwise at the room temperature. Then, the resultant mixture was heated and 
stirred under heating for one night. After the reaction was completed, the reaction solution was cooled with ice water. 
The f ormed crystals were separated by filtration and washed with 50 ml of methanol and 50 ml of acetone, successively, 
and 1 .4 g of a yellow powder was obtained. The yellow powder was identified to be compound E33 by measurements 
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in accorcance with NMR, IR and FD-MS (the yield: 20%). 
Example 15 (Synthesis of compound 35) 
5 [0117] Compound E35 was synthesized in accordance with the following process; 



25 



35 



40 



Br Br 



10 



15 



20 



Br 



50 



55 






E35 



Synthesis of 2-bromostilbene 
[0118] 



S3 js: ^z^^^r^^r z : r (ai t 1 mo ° of tnethyi ph - hite -» 

KLe^i^ ? <r r of benzaidehyde and 200 - * 

added and the resultam mi«ure ke^t bla itC »mh ' V ( °' 12 m0l) * P ° taS8iUm was sl ° w 'y 

coveted, the reaction so,2n Is ^ T ^ n ' 9ht 

ethyl acetate. After drying with magnesium su< a* 1 e iJSSS^ ZceZZT. * "* h 
orator and yellow crystals were obtained. The obtained estate ^3£^22SZSS iT" ? T ^ 
tography (silica gel; the developing solvent- hexane) and 24 a (Z !■ ff 2 COlUmn Chroma " 

pound was obtained. ' 9 ( hS y ' Gld: 92%) of 2-bromostilbene as the object com- 

Synthesis of som pound ras 

• -denser, l.e g (66 mmoi) of 

temperature for 30 minutes, a solution prepared ^^S^a^rloTLT? £T" ^ " ** ^ 

toluene solution of *«bu^,!^^ '"-J * 1 -ol,o, a 

reagent prepared above was added droowiso r*.™!, . P iu he resultant mixture 1 the Grignard 
stirred unZr eating 122* - the ^ WaS hMted 9nd 

in accordance with NMR, IR and FD-MS (the yield: 80%). compound E35 by measurements 
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Examples 16 to 1 8 (Prepar ation of an organic EL device) 



Example 19 (Synthesis of compound E42) 

[0123] Compound E42 was synthesized in accordance with the following process: 



^Br ~ ^ PO(OEt, 2 





E42 

Synthesis of 4-bromo-p-methylstilbene 
Synthesis ot compound E42 

[0126] Under a stream of argon, into a 500 ml three-necked flask equipped with a condenser 1 6 a (BR ***** m 
magnesium, a small piece of iodine and 50 ml of THF were placed. After the^esu ant Z e l JllSt 7 ' 

==S55=SS== 

reagent prepared above was added dropwise at the room temperature Thea the 

ssssr fi n9 one night After the reaction was c ° mp,eted ' the reacti ° n -oiu^irszisis? 
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Example 20 (Synthesis of compound E43) 

[0128] Compound E43 was synthesized in accordance with the following process: 






E43 

Synthesis of 3-bromo-P-methylstilbene 

solution was concmrj^^a^^^^^ ^ M ? the reaction was c ™P'eted, the reaction 
reaction without purification P P * ° bta,netl The 0btained phosphite was U6a « the foilowing 

[0130] In a 500 ml flask, the phosphite obtained above 19 n m i , . . 

sulfoxide were placed and cooled at 0°C with ice ^wate^hl 1 X n m , a< f ° phenone and 200 °' dimethyl 
added and :he resultant mixture was keot bin! £ > 9 ( 2 m0l) ° f potassium t-butoxide was slowly 

completed, the reaction XZIZ iZ^ZtTJ^*™ ^ ^ " m After the reaction was 

ethy, acetat, After dryingwith^nS 

orator and yellow crystals were obtain^ Th« «kfoi„ * V 7 V concentrated m vacuo using a rotary evap- 
Synthesis ot compound E43 

stirred under heati™ lor one nX Anl?^,™ '"rperature. Then, ttre nesultent Mere wee heated end 

in eooonLoe, « «H aT^N ™ Z ^ '° °* """*"""' " V 

Example 21 ( Synthesis of compound E44^ 
[01 33 J 



Compound E44 was synthesized in accordance with the following process: 
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Synthesis ol 3-brorno-g-methylstilbene 



S£L2il ■ ?* 9 m0l) ° f ethy ' ben2 y | P h0S P h °nat e , 20g(0.1 mol) of 4-bromoacetophenone and 200 
ml of d.methyl sulfox.de were placed and cooled at 0°C with ice water. Then, 1 3.4 g (0.1 2 mol) of potassium t-butoxide 
was slowly added and the resultant mixture was kept being stirred at the room temperature forone n igm Mer t 
reachon was completed, the reaction solution was poured into 500 ml of water and the organic layer was treated bv 
extraction w.th ethyl acetate. After drying with magnesium sulfate, the organic layer was cLJKZSSS 
a rotary evaporator. The obtamed product were purified in accordance with the column chromatography (silica gel- the 
developing solvent: hexane) and 26 g (the yield: 88%) of 3-bromo-«-methy,stilbene as the object compound was 1 



Synthesis of compound E44 

SSnnL 8 T*™ ° f ^ int0 * 6 °° m ' tnre e-necked equipped with a condenser, 1.6 g (66 mmol) of 
magnes urn, a small p.ece of iodine and 50 ml of THF were placed. After the resultant mixture was stirred at the 2m 

To THF wal°ald rn 8 ' 9 * diSS °' Vin9 " 9 (3 ° mmol) ° f ^o-a-methylstilbene into 1 00 

r added dro P w, se. After the addrtion was completed, the resultant mixture was stirred at 60«C for 1 hour 
and a Gngnard reagent was prepared. 

?n 1 ?n^ K Under !f^ am , 0f , arg ° n ' int ° 3 500 m ' three -necked flask equipped with a condenser, 5.1 g (10 mmol) of 
0,10 -dibrcmo-g s'-b.anthryl, 0.4 g (5% by mol) of dichlorobi S (triphenylphos P hine)palladium, 1 ml (1 M 1 mmol) of a 
toluene soltt,on of diisobutylaluminum hydride and 1 00 ml of THF were placed. To the resultant mixture thSnara 
Z£ 17? d t 9dded dr ° PWiSe at the r00m ^perature. Then, the resultant mixture was heated an2 

SSZJ^ST 8 one n ' 9 ,T er the reaction was comp,Gted ' the reaction solution was oooled with ™ «S 

The fomiec crystals were separated by filtration and washed with 50 ml of methanol and 50 ml cf acetone, successively 
and 5.8 g of a yellow powder was obtained. The yellow powder was identified to be compound E44 by measurements 
in accordance with NMR, IR and FD-MS (the yield: 79%). measurements 

Example 22 (Measurement of the glass transition temperature) 

[0137] To evaluate the heat resistance, the glass transition temperatures (Tg) of compounds E1 , E32, £33 and E42 
were measured ,n accordance with the differential scanning calorimetry (DSC) and found to be 160°C 163°C 142°C 
and 140°C, respectively. The transition temperatures were all 140°C or higher. 

Comparative Example 2 (Me asurement of the glass transition temperature) 

[0138] To uvaluate the heat resistance, Tg of compound H1 used in Comparative Example 1 was measured in ac- 
cordance with DSC and found to be as low as 96°C. c 

Example 23 'Preparation of an organic EL device) 

[0139] A device was prepared in accordance with the same procedures as those conducted in Example 5 except 
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that the light emitting layer was formed by using compound E42 in place of compound E1 . Using the prepared device 
the properties of light emission were confirmed and the chromaticity coordinates were obtained. The results are shown 
in Table I . The maximum luminance of light emission was 30 : 000 cd/m 2 . 

Example 24 (Preparation of an organic EL device) 

[0140] A device was prepared in accordance with the same procedures as those conducted in Example 5 except 
that the light emitting layer was formed by using compound E43 in place of compound E1 . Using the prepared device 
the properties of light emission were confirmed and the chromaticity coordinates were obtained. The results are shown 
in Table 1. 

Example 25 (Preparation of an organic EL device) 

[0141] A device was prepared in accordance with the same procedures as those conducted in Example 5 except 
that the light emitting layer was formed by using compound E44 in place of compound E1 . Using the prepared device 
the properties of light emission were confirmed and the chromaticity coordinates were obtained. The results are shown 
in Table 1. 

Comparalive Example 3 (Preparation of an organic EL device) 

[0142] A device was prepared in accordance with the same procedures as those conducted in Example 5 except 
that the light emitting layer was formed by using compound H2 expressed by the following formula in place of compound 
E1 Using the prepared device, the properties of light emission were confirmed and the chromaticity coordinates were 
obtained. The results are shown in Table 1 . 




(H2) 



Comparative Example 4 (Preparation of an organic EL device) 

[0143] A device was prepared in accordance with the same procedures as those conducted in Example 5 except 
that the ligrt emitting layer was formed by using compound H3 expressed by the following formula in place of compound 
E1 Using the prepared device, the properties of light emission were confirmed and the chromaticity coordinates were 
obtained. 7 he results are shown in Table 1 . 
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Table 1 



Example 5 

Example 6 
Example 7 
Example 8 
Example 9 

Example 10 
Example 1 1 

Example 12 
Example 16 

Example 17 

Example 1 8 
Example J>3 

Example ;>4 

Example 2!5 

Comparative 
Example 1 
Comparative 
Example 2 
Comparative 
Example 3 



Compound 



E1 

E4 

E7 
E9 
E13 

E14 
E17 

E31 
E32 

E33 

E35 
E42 

E43 

E44 

H1 

H2 

H3 



Voltage 
(V) 



6 
6 

6 
6 



6 
6 

6 

6 

6 

6 

6 



Luminance 
(nit) 



95 

130 
161 
95 
210 

120 
60 

313 
210 

120 

170 
157 

130 

161 

120 

313 

120 



Color of 
emitted 
light 



blue 

blue 

blue 

blue 
yellowish 

blue 

blue 
bluish 
green 

blue 
blue 

blue 

blue 
bluish 
purple 
bluish 
purple 
bluish 
purple 
bluish 
green 
blue 

bluish 
green 



Efficiency 
cd/A) 



3.0 

3.5 
3.7 
2.7 
7.8 

3.7 
4.0 

4.8 
2.2 

4.3 

4.9 
3.0 

2.4 

2.6 

1.7 

1.6 

2.0 



Heat 
resistance 
(decrease 
in 

luminance) 
(%) 



Chromaticity 
coordinates) 



7 
4 
3 
12 

6 
5 

8 
1 

2 

4 



(0.150, 
0.131) 
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(0.150, 
0.135) 
(0.171, 
0.130) 

(0.170, 

0.130) 

(0.155, 

0.103) 

(0.155, 

0.112) 

(0.182, 

0.288) 

(0.162, 

0.160) 

(0.210, 

0.320) 



' n 1 ' thG 0r9anl ° EL deviC6S having the n 9 nt emittln 9 layers formed by using the anthracene 

h,n?; TT ? 6 ,nVentl ° n 8Xhlbited hi9h effk5jenCieS ° f ,l9ht emisslon ' sma " in the lumZnce^d 

high heat res . stances^These properties were exhibited because these an^ 

hTnT U tT °° C 2 h T Br ^ Pr ° Perty ° f emittin9 scence in the blue to grZr^TJE 

SJETiK 1,1 ° f J" PfeSent inV9nti0n C ° U,d 6mit b,UG ,i9ht havln9 more 54 o color 

than the light emitted by the devices of the Comparative Examples 

M C ° ntraSt ' T ° r9aniC EL deViCGS ° f Com P arative Exam P ,as 1. 3 and 4 exhibrted low efficiencies of light 

ssssirzsisrcf^— ■ - « * «* — s 

INDUSTRIAL. APPLICABILITY 

[0146] The anthracene derivative of the present Invention is useful as the material constituting organic EL devices 
Lr e J c C i! V h n t the is - ^ Ii9ht emrtting material, an excellent efficiency of light e^Tssion 

TlT m ^ 6Xhibited and the obtained device fe used 88 *he device having the pZS of 

emitting fluorescence in the blue to green region. property ot 
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Claims 



1 ■ An anthracene derivative represented by general formula 



(I): 




(I) 



2. An anthracene derivative represented by general formula (II): 



R 9 R 16 




(ID 



R to R ,ach rndependently represent hydrogen atom, a halogen atom, cyano group, lc group, a substituted 
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or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted arvloxv 
group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted arylth gmup a subsS 
or u^ubstrtuted amino group or a substituted or unsubstituted aryl group; adjacent w ^^2^ 

nronn Z £ ^T" b ° ndS 0th6r; ° ^S^* 3 SUtStitUt6d « ^substituted cyclone 

group having 5 to 30 carbon atoms, a substituted or unsubstrtuted arylene grcup having 6 to 30 carbon atoms or 

: e ,ec^ 

An anhracene derivative represented by general formula (II'): 




an 



wherein (1 ) A' to A* each independently represent a substituted or unsubstituted aryl group having 6 to 30 carbon 
TZ^T^T' u "!. ubsWuted — Heterocyclic group having 4T0 30 cToXmZ^Z 
represents hydrogen atom, A* represents a styryl group in which a phenyl portion may be substituted and an a 

ZZZ 'J^^^T™ T MM ™ ^ W ^ng 1 to 30 caZ atoms J 
represents hydrogen atom and A* represents a styryl group in which a phenyl portion may be substituted and an 

ESS 7 Viny ' P ° rti r ^ be SUbStitUt6d Wtth an a,kyl groub havi "9 1 10 3o2S a toms 
' 9ach lnde Pendently represent hydrogen atom, a halogen atom, cyano group, nitro qrouo a substituted 
or unsubstituted alky, group, a substituted or unsubstituted aikoxy group, Lu b LuL TZZmT^ 
UnSUbStitUted alk >" thio 9roup, a substituted or unsubstrtuted arylthio group, a substS 
o unsubstrtuted amino group or a substituted or unsubstituted aryl group; adjacent groups represented by R? to 
R" may for nngs by forming bonds between each omBr.QreprB^aButm^JunLJutJ^t^ 
group having 5 to 30 carbon atoms, a substituted or unsubstituted arylene group having 6 to 30 carbo aSor 



An anthracene derivative represented by general formula (III): 





-<o 


C»— f<Hr 








R 5 


R 12 



(IB) 



taSfott ZEZT* "^J^ 6 " 1 a substituted °' ""substituted trifunctional aromatic ring group 
atoms, R to R20 each independently represent hydrogen atom, a halogen atom, cyano group, nitro group a 
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substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted 
arytoxy group, a substituted or unsubstrtuted alkylthio group, a substituted or unsubstituted ^anylthto Z ? 
stitutod or unsubstituted amino group or a substituted or unsubstituted aryl group- adiacent oVouI enL Jln 

2£ L may for h rings by formin9 bonds b6tW66n 6ach other; Q "p^JT- ^SS^JSSS 

ZSZZT" 9r ° UP h r inS 5 t0 30 ° a * 0n at ° mS ' a SUbstituted or -ntubfUtutod arylene group hZg 6 te 30 

«• 5 ' Sir" 6 " d6ViCe "'^ COmpnSeS 3 ,i9ht emi,tin9 area com P risi "9 an -tnracene derivative 

6 ' aSSSZT dSViCe Whfch C0mPriS6S " ° rSaniC ,i9ht emWing '^oomprleing an anthracene 

9. An organic electroluminescence device according to Claim 7, wherein the substance forming a recombination site 
is a fluorescent substance having a quantum yield of fluorescence of 0.3 to 1 .0. recombination srte 

1 0. An organic electroluminescence device according to Claim 8, wherein the substance forming a recombination site 
» a fluorescent substance having a quantum yield of fluorescence of 0.3 to 1 .0. recombination srte 

1 1 . A" organic electroluminescence device according to Claim 7, wherein the substance forming a recombination site 

?ol a n ° nec ° mP0Und S f l6Cted fr ° m Styry ' amine """Poun*. <Nnacridone derivatives rub™7«EST 
coumarme denvatives, perylene derivatives, pyrane derivatives and fluoranthene derivatives. aerlvat,ves ' 

9leCtr0lumine f encs device accordin 9 ^ Claim 8, wherein the substance forming a recombination site 
is at least one compound selected from styrylamine compounds, quinacridone derivatives rubrene derivatives 
coumanne denvat,ves, perylene derivatives, pyrane derivatives and fluoranthene derivatives derivatlves < 

1 3. An organic electroluminescence device according to Claim 5, wherein a layer of a chalcogenide, a layer of a metal 
halide or a layer of a metal oxide Is formed between the organic light emitting layer and a cathode Tar ! anode 

1 4 " ? ,ectro ' umin « scence according to Claim 6, wherein a layer of a chalcogenide, a layer of a metal 

hahde M a layer of a metal oxide is formed between the organic light emitting layer and a cathode or an anode 
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